Summary The chromosomal distribution of constitutive heterochromatin bands (C-bands) investigated in three pomacentrid fishes was highly diversified among the species from simple to complex patterns. Especially, it is remarkable that one species showed various sized C-band blocks appearing not only in centrometric regions but also in interstitial and telomeric regions, as such C-band distribution is unusual in fish. These results reveal that the chromosomes of pomacentrids have evolved by not only structural changes but also quantitative and positional changes of constitutive heterochromatin.
The family Pomacentridae of Perciformes, which is comprised of four subfamilies and about 320 known species, is a large group of small fish widely distributed in the tropical seas of the world (Nelson 1994) . In cytogenetic investigations of this family, the karyotypes of 27 species (Arai and Inoue 1976 , Arai et al. 1976 , Ojima and Kashiwagi 1981 , Takai and Ojima 1987 , 1991a , b, 1995 and the locations of nucleolus organizer regions (NORs) of 17 species (Takai and Ojima 1987 , 1991a , b, 1995 have been reported. These results have revealed diverse karyotypic features in Pomacentridae.
Studies of constitutive heterochromatin by C-banding have often provided important findings for deeper understanding of chromosome evolution, sex chromosome differentiation, and phylogenetic relationships, as well as the nature of fish chromosomes themselves (Galetti Jr. and Foresti 1986 , Gold et al. 1986 , Ojima and Takai 1979 , Ojima 1983 , Takai and Ojima 1988 , 1990 . However, a C-banded study on Pomacentridae has not yet been carried out.
In the present paper, we report the chromosomal distribution of constitutive heterochromatin by C-banding in three species of Pomacentridae and discuss the problems of constitutive heterochromatin variations in chromosome evolution and its relationship with speciation.
Materials and methods
Three specimens of Pomacentrus coelestis, two of Chromis caeruleus, and two of Chrysiptera hemicyanea, obtained from a fish dealer in Osaka, Japan, were used for this study.
Chromosome preparations were made according to the direct method using kidney tissue treated with PHA and colchicine in vivo (Takai and Ojima 1995) . Following microscopic observations of conventional Giemsa stained chromosomes, the slides were destained with 70% alcohol and C-banding was carried out according to the BSG (Barium hydroxide/Saline/Giemsa) method of Sumner (1972) . Giemsa staining and C-banding chromosomes in the same metaphase plates Cytologia 64 were analyzed.
Results
The Cytogenetic data of the species investigated are summarized in Table 1 . The karyotypes of these species have already been reported in our previous papers (Takai and Ojima 1987, 1991a, b) . Pomacentrus coelestis ( Fig. 1 ) had C-bands on the centromeric regions of many chromosomes and on the interstitial and the telomeric regions of some chromosomes. Many of the C-bands were weakly stained. In Chromis caeruleus ( Fig. 2 ), C-bands were observed on the centromeric regions of most chromosomes, and on the telomeric regions of all chromosomes. Telomeric C-bands were on the whole more intensely stained than centromeric ones. In Chrysiptera hemicyanea ( Fig. 3) , various sized C-bands were located in the centromeric regions of most chromosomes and the interstitial regions of many chromosomes. Several chromosomes had C-bands on the short arms and terminal regions. Many of the C-bands were large.
C-banding patterns in each chromosome provided useful information for correct karyotyping in all species examined. In particular, those in C. hemicyanea, which show G-band-like banding patterns, made it easy to pair homologous chromosomes.
Discussion
Chromosomal regions differentially stained by C-banding techniques, called C-bands, show localized sites of constitutive heterochromatin. In fish, C-bands are observed mostly in centromeric regions, and sometimes in telomeric and interstitial regions (Gold et al. 1986, Takai and Ojima 1988) . Although C-banded heterochromatin distribution on fish chromosomes shows great variation among chromosomes and species, C-bands of many species are distributed uniformly as small dotlike forms in centromeric regions and their stainability is often weak. The simple distribution of Cbands seems to be original in fish.
The C-band distribution of three pomacentrids was highly diversified from simple to complex patterns. The C-band distribution of Pomacentrus coelestis was common in fish but those of Chromis caeruleus and Chrysiptera hemicyanea were characteristic. It seems that the C-band distribution of R coelestis is near original and those of C. caeruleus and C. hemicyanea are derivative. C. caeruleus had telomeric C-bands in most chromosomes. Similar conditions have been reported in several salmoniform species (Hartley 1991 , Ueda and Ojima 1983 , 1984 ), but few examples have been presented in other groups. The C-band distribution of P coelestis differed from that of C. caeruleus though both species had the same karyotype constitution. Similar examples have been reported by Ojima and Takai (1979) , Martinez et al. (1988 ), Galetti Jr. et al. (1991 and others. These results suggest importance of constitutive heterochromatin variations in chromosome evolution. The C-band distribution with G-band-like patterns revealed in C. hemicyanea may be a rare phenomenon in fish chromosomes, and seems one of the most differentiated conditions not only in Po- gesting conservative evolution of fish karyotypes (Ohno 1974 , Ojima 1983 . This karyotypic feature is conspicuous in the intermediate and the higher teleostean groups by Gosline (1971) (Ojima 1983) . According to Ohno (1974) , a karyotype consisting of 48 acrocentric chromosomes (48A karyotype) may be the ancestral form in fish evolution as it is found in many fish groups at family or order levels. In Pomacentridae, the diploid chromosome numbers range between 26-48, and the fundamental numbers between 48-84. There are some species with the 48A karyotype, such as P coelestis and C. caeruleus. We have considered that the 48A karyotype was also ancestral in Pomacentridae and the karyotypes of pomacentrids have diversified mainly by pericentric inversions and Robertsonian rearrangements (Takai and Ojima 1987 , 1991a , 1995 . The present study, moreover, indicates that the karyotypes of pomacentrids have been diversified by not only structural changes but also quantitative and positional changes of constitutive heterochromatin.
Our interest is in the large variation of constitutive heterochromatin distribution in the pomacentrid karyotypes. According to Ojima (1983) , in the higher teleostean groups, to which Pomacentridae belongs, the mean value of subtelo-and acrocentric (A-type) chromosomes is 38.3, and that of meta-and submetacentric (M-type) chromosomes is 7.5. However, in the pomacentrids studied, A-type is 30.2 and M-type is 17.1. This suggests that active structural changes from A-to M-type chromosomes have occurred in Pomacentridae. There might be a relationship between the large variation of constitutive heterochromatin distribution and active structural changes in pomacentrid karyotypes. Sanchez et al. (1993) reported that several types of heterochromatin can be distinguished by several restriction endonuclease banding methods. Recently, the distribution of telomeric DNA sequence has been studied in several species (Abuin et al. 1996 , Gornung et al. 1998 . Further studies by these banding or in situ hybridization methods may provide new findings to clarify the nature of heterochromatin variation in Pomacentridae.
Several functions of constitutive heterochromatin have been suggested, one being the involvement of quantitative and positional changes in constitutive heterochromatin to speciation (John and Miklos 1979, King 1993) . The majority of Pomacentridae have differentiated within a narrow zone of coral reef (Nelson 1994) . Active chromosomal changes with heterochromatin variation in pomacentrids might have played an effective role in reproductive isolation for the sympatric speciation within such a narrow zone.
